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Abstract 
In regard to the concept of estimation, there have been various definitions in the literature. Some of them are as follows: “process 
of being able to provide an adequate answer to a problem (Reys, 1986)”, “quickly having an idea about the quantity or size of 
something without actually counting or measuring it (Micklo, 1999)”.  NCTM (2000) considered understanding the numbers and 
operations, ensuring fluency in arithmetic operations and improving the number sense as the center of mathematics education. 
Number sense can be defined as a person’s having a good level of knowledge on the relationships of numbers and operations and 
the ability to use this knowledge in the situations concerning daily life (McIntosh, Reys, & Reys, 1992; Yang, 2003). In this 
respect, the purpose of the study is to examine the relationship between estimation skills based on calculation, estimation 
strategies and number sense of prospective elementary teachers. The sample of the study is comprised of prospective teachers 
currently studying in 1st, 2nd, 3rd, and 4th grade of classroom teaching in the Faculty of Education of a Turkish public 
university. The test determining the estimation skills developed by Tekinkır (2008)  and test of number sense will be used as the 
data collection tool. The data obtained will determine the estimation skills and level of number sense of prospective elementary 
teachers. The study is considered to reveal what extent reasoning which is one of the fundamental skills aimed to be acquired in 
mathematics program in Turkey is developed among the prospective teachers and to contribute the literature. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
The studies on the educational system in Turkey aim to teach the ways to access changing and developing 
information rather than directly teaching the information to the students. In order to achieve these aims, the focus has 
been on building relationships across disciplines, making analogies from the daily life (Çilingir & Türnüklü, 2009). 
In this respect, there have been changes in the ways to teach and make sense of mathematics. As a result of this 
change, for instance the importance of making calculation by means of paper-pencil has been decreasing while the 
abilities such as making estimation and problem solving have been becoming more important (Çilingir and 
Türnüklü, 2009). Furthermore, a clear indication of this situation is the aim which is to improve estimation about the 
results of the calculations in introducing the basic skills of reasoning that is included to the mathematics curriculum 
(MEB, 2013).   
In terms of the concept of estimation, it can be observed that there have been various definitions in the literature. 
NCTM (1989) defines the verb to estimate as reaching an approximate conclusion about and calculating 
approximately the quantities such as a value, an amount, a width, a weight etc. The word of estimation is used both 
to refer to the process of estimation and to represent the result of the estimation. On the other hand, there are certain 
definitions such as “process of being able to provide an adequate answer to a problem (Reys, 1986)”, “quickly 
having an idea about the quantity or size of something without actually counting or measuring it (Micklo, 1999).” 
Segovia, Castro, Rico and Castro (1989) define estimation as the decision reached by the results obtained from 
numerical operations and the evaluation of a quantity or an amount. The general characteristics of the concept of 
estimation put forward by Reys (1984) and developed by Segovia et al (1989) are as follows: a) it determines the 
value of an arithmetic operation and of a quantity; b) it is a subject used in identifying certain information, 
references or experiences; c) evaluation is mentally carried out in general; d) it is quickly performed by using 
numbers as simple as possible; e) the obtained conclusion is not the precise result of the operation, but it is as close 
as possible to the desired result; f) the obtained value might vary depending on the evaluation criteria of the person. 
The estimation based on calculation refers to reasoning to predict in order to obtain approximate answers about 
arithmetic problems (Liu & Neber, 2012).  Sowder & Wheeler (1989) reflect that the estimation based on calculation 
includes conceptual components, skills components, related concepts and skills, and affective components. 
Furthermore, estimation skills have developmental characteristics. Some researchers state that the estimation skills 
enhance with advancing age and older people have tried more ways of estimation compared to other people 
(LeFevre, Greenham, & Waheed, 1993, Sowder & Wheeler, 1989). 
Another concept in mathematics education is the concept of number sense. Number sense refers to the ability of 
people to have a good knowledge and understanding of numbers and operations as well as their relations, and to deal 
with the daily life situations involving numbers; and this ability is used in developing flexible and convenient 
strategies in dealing with numerical problems (Howden, 1989; McIntosh, Reys & Reys, 1992; Yang, 2003).   
Teaching and learning number sense is regarded as an important subject in the international curriculum Anghileri, 
2000; Australian Education Council, 1991; Japanese Ministry of Education, 1989; McIntosh, Reys, Reys, Bana & 
Farrel, 1997; National Council of Teachers of Mathematics (NCTM, 1989; 2000). The curriculum and assessment 
standards for school mathematics emphasize that teaching number sense is one of the fundamental objectives of 
school mathematics curriculum. Teachers have a critical role in teaching number sense and enable students to learn 
number sense and to appreciate its importance (Yang, 2007).  One of the reasons that students fail in developing and 
using number sense is the lack of knowledge of teachers about how to help students in developing number sense as 
well as the insufficient knowledge of teachers in regard to the concept of number sense (Yang, Reys ve Reys, 2009).  
Given the importance of the role of teachers in the improvement of number sense, it is an issue of concern what 
the competence level of teachers in regard to number sense is. Since the level of teachers in regard to this issue 
would affect the education number sense that they provide to students (Yang, 2007). Furthermore, there have been 
few studies on number sense of prospective classroom teachers in the literature. The aim of this study is to explore 
the performances of prospective classroom teachers in estimation skills and number sense tests and to identify 
whether there is a relation between the scores that they obtain from these tests. Moreover, it has been also 
determined whether there is a difference between the performances of estimation skills and number sense 
performances and grade levels. 
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2. Methodology  
This study has been included to the group of the descriptive studies since it attempts to identify the performances 
of prospective teachers in the number sense and estimation skills tests. In this study, screening method within the 
scope of descriptive research has been utilized. 
2.1. Participants 
A total of 125 prospective teachers studying in the department of classroom teaching for elementary schools in a 
public university (33 first, 31 second, 29 third and 31 forth grade prospective classroom teachers)  have participated 
in this study, which was carried out at the end of the fall semester of 2014-2015. The participants have been selected 
by means of purposive sampling method which is one of non-random sampling methods. The reason that the sample 
of the study is selected from the department of classroom teaching is that the basics of mathematics course are 
taught in elementary school. 
2.2. Instruments 
 As a data collection tool, “Number Sense Test” and “Estimation Skill Test Based on Calculation” have been 
utilized in this study to demonstrate the levels of number sense and estimation skills of prospective classroom 
teachers. Number Sense Test was developed by Yang (2007) and consisted of 12 questions. However, there have 
been changes in certain questions. Kr-20 internal consistency coefficient of this test has been found .79. The 
prospective teachers solving a question in the number sense test have been given 1 point whereas those answering 
wrongly or not answering at all have been given 0 point. The maximum score that can be obtained from the number 
sense test is 12 while the minimum score is 0. Estimation skills test was developed by Tekinkır (2008) and consisted 
of 32 questions. The reliability finding of this test shows that Kr-20 internal consistency coefficient is .84. The 
prospective teachers providing a correct answer in estimation skills test have been given 1 point whereas those 
answering wrongly or not answering at all have been given 0 point. The maximum score that can be obtained from 
the estimation skills test is 32 while the minimum score is 0. 
2.3. Data Analysis 
 In data analysis, the performances of the number sense and estimation skills tests of all of the participants in 
terms of grade levels have been initially determined and the average scores and standard deviation of these 
performances have been calculated. Parametric tests have been conducted in the statistics to be performed since a 
normal distribution of the data has been found in data analysis. In order to determine whether there is a difference 
between the performances of the participants in the number sense and estimation skills tests in terms of grade level, 
“One Way Anova” has been carried out. After determining the existence of a difference, one of the post-hoc tests 
depending on the homogeneity state of variances has been utilized in order to determine the grade levels in which 
there is a difference. 
3. Results  
In this part, the findings obtained by means of the analysis of data through estimation skills test and number sense 
test from prospective classroom teachers have been demonstrated in detail. 
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Out of a maximum score of 12 that can be obtained from number sense, an average score of 3.18 has been 
attained; it can be concluded that the prospective teachers are at a quite low level in number sense test. In terms of 
grade levels, the second grade students have the highest average score by 3.87 whereas the prospective classroom 
teachers at the third grade have the lowest average by 2. 62.  
 
Table 2 The results of One way Anova demonstrating the variance in the scores of number sense test in terms of grade level  
Source of 
Variance 
Sum of Squares df Mean square F p 
Between 
groups 24.942 3 8.314 3.192 .026 
Within 
groups 315.186 121 2.605   
Total 
340.128 124    
 
One way Anova test has been carried out to analyze the variance in the scores of number sense test in terms of 
grade levels and there has been a significant difference between two of four grades (F(3-121)= 3.192, P< .05). To find 
out the grades in which there is the difference, Tukey test has been conducted (variances are homogeneous). 
 
       Table 3. The results of Tukey test demonstrating the grades in which there is a difference  
1.Group 2. Group Average Difference Standard error p 
2. grade  3. grade 1.25
* .417 .015 
 
According to the results of Tukey test, there has been a significant difference in terms of the scores of number 
sense test in favor of 2nd grade between 2nd and 3rd grades. 
 
         Table 4. The descriptive statistical results of estimation skills test 
GRADE N Average St. deviation 
1 
33 19.03 3.745 
2 
31 19.16 3.569 
3 
29 20.62 4.586 
4 
32 19.19 5.642 
TOTAL 
125 19.47 19.47 
 
When we look at the descriptive statistics of estimation skills test, out of a score of 32, an average score of 19.47 
has been attained. The average score of estimation skills test below 21 shows that the prospective teachers have 
estimation skills at low level. The group with the lowest score of estimation skills level with a score of 19.03 has 
Table 1 
The findings in terms of the descriptive statistics of number sense 
Grade N  Average Standart Deviation 
1 
33 3.00 1.479 
2 
31 3.87 1.586 
3 
29 2.62 1.498 
4 
32 3.19 1.857 
 
TOTAL 125 3.18 1.656 
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been the prospective classroom teachers at the first grade whereas the prospective classroom teachers at the third 
grade have the highest average score of 20.62. 
 
Table 5 The results of One way Anova demonstrating the variance in the scores of estimation skills test in terms of grade levels  
Sources of 
Variance 
Sum of Squares df Mean square F p 
Between 
groups 50,286 3 16.762 .843 .473 
Within 
groups 2406,866 121 19.891   
Total 
2457,152 124    
 
One way Anova test has been carried out in order to analyze the variance in the scores of estimation skills test in 
terms of grade levels and there has been no significant difference between grade levels (F(3-120)= ,843, p> ,05). 
 
             Table 6 The correlational relationship between the scores of Estimation Skills test and Number Sense test  
Group Number Sense Total Score Estimation Skills Total Score 
Number Sense Total Score 1  
Estimation Skills Total Score  .102 1 
           p>.05 
 
In order to find out whether there is a relationship between the scores of estimation skills test and number sense 
test of the prospective classroom teachers, simple linear correlation has been utilized and there has been no 
significant relationship between the scores of estimation skills and number sense test of the prospective teachers 
(r=.102, p>0,05). 
 
4. Conclusion and Discussion 
The concept of number sense that has been included in the field of mathematics education in the last thirty years 
also has an important place today, and it is a part of many mathematics education programs (Şengül & Gülbağcı 
Dede, 2014). Teachers remain at the forefront of introducing this concept to students; therefore, the determination of 
the level of pedagogical content knowledge of teachers in regard to number sense has importance (Şengül & 
Gülbağcı Dede, 2014).  
In the mathematics program issued by MEB (2013), it can be observed that the improvement of estimation skill 
was attached great importance, and educational resources also have been emphasizing the activities of this skill 
recently. The pedagogical content knowledge of teachers in regard to this issue plays a significant role in the 
improvement of estimation skills of students. 
Given the importance of number sense and estimation skills, this study has determined to what extend the 
prospective teachers have the knowledge of the subject area that they are required to have in order to enable students 
to adopt these skills. The scores of the number sense test of prospective classroom teachers have been found to quite 
low. This result is not desired. Since one of the reason that the number sense of students is low results from the 
incompetence of teachers in this issue (Yang, Reys & Reys, 2009). The finding obtained also support this statement. 
The results of some studies are consistent with the result that the number sense of prospective teachers is low (Yang, 
2007, Yang, Reys &Reys, 2009, Kayhan Altay & Umay, 2011; Şengül, 2013). There has been a significant 
difference between the scores of number sense test and grade levels. The score of second grade has been found to be 
significantly higher than that of third grade. The finding that the higher grade level is the lower number sense 
becomes, contradicts with the findings of  Yang (1995) and Aunio, Niemivirta, Hautamäki, Van Luit, Shi and  
(2006). The study of Yang determined that eight grade students have a more developed number sense compared to 
six grade students; in their study, Aunio et al (2006) found that number sense increases systematically depending on 
age.  
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In the analysis of the findings of estimation skill test, it has been observed that the prospective teachers have a 
lower average score. In his study, Munakata (2002) concluded that the estimation skills of 5th, 7th, 9th, 11th grade 
students are low in general. This study has found that there has not been a significant difference in the estimation 
skills of prospective teachers in terms of grade level. Lefevre (1993) and Sowder (1984) found that the estimation 
skills of elementary school students improve depending on age. Lastly, it has been concluded that there has not been 
a significant relationship between the scores of the estimation skill test and the scores of the number sense test of 
prospective classroom teachers. 
The prospective classroom teachers have been found to have quite low scores both in number sense test and in 
estimation skills test; therefore, their area knowledge on these subjects have been concluded to be insufficient. By 
means of restructuring course contents of teacher education programs, it can be made possible to train teachers with 
extensive number sense knowledge and estimation skill. In order to increase the competence of prospective teachers 
in teacher education institutions, the aspects of learning and teaching number sense and estimation skills should be 
included more and attached importance in the courses of Basic Mathematics and Mathematics Education in the 
undergraduate programs of prospective classroom teachers. 
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